). Thus, we reaTo investigate the role of Ikk1 as a putative repressor of NF-κB, we examined the expression level of some soned that, if ikk1 negatively regulates NF-κB, its overexpression might lead to the same phenotype observed NF-κB-responsive genes in IKK1 −/− mouse embryonic fibroblasts (MEFs) constitutively expressing EGFP (negain IκBαM-overexpressing embryos. To test this, we microinjected ikk1 cRNA into one-cell-stage zebrafish tive control), murine IKK1 (mIKK1), or zebrafish ikk1. The transcription of all NF-κB target genes tested, inembryos. Severe midline defects including short A/P axis and small eyes (in severe cases, cyclopia) were cluding interleukin-6 (IL-6) and IkBa, inducible nitric oxide synthase (iNOS), and macrophage inflammatory evident ( Figure 3D ). As observed in IκBαM-overexpressing embryos, we also noticed interrupted no tail protein (MIP)-1α, were dramatically downregulated in TNFα-treated cells expressing zebrafish ikk1 when (ntl) expression in the presumptive notochord and broadening of shh expression along the floor plate in compared to the controls ( Figure 3A and data not shown). Electrophoretic mobility-shift assays (EMSA) with total ikk1-overexpressing embryos (data not shown). We thus conclude that zebrafish ikk1 inhibits NF-κB activity extracts from transfected 293T cells confirmed that TNFα-induced NF-κB DNA binding was severely reboth in vitro and in vivo.
In mammals, the activity of IKK1 and IKK2 is dependuced in the presence of increasing amounts of zebrafish Ikk1 when compared to the mIKK1 ( Figure 3B ). To dent on their association with the noncatalytic subunits NEMO and ELKS [7, 8, 20] . To investigate whether, in verify whether this repression also operates at the transcriptional level in zebrafish, we performed NF-κB-zebrafish, the presence of noncatalytic subunits is also essential for Ikk1 activity, we cloned the zebrafish nemo dependent luciferase assays with zebrafish (ZF4) cells. In contrast to mIKK1, overexpression of ikk1 inhibited homolog (GenBank AY735398). Zebrafish nemo encodes a 602 aa polypeptide (w70 kDa), which is longer NF-κB-mediated transcriptional activity in ZF4 cells after induction with bacterial lipopolysaccharides (LPS) than the mammalian NEMO but still 47% identical (see Figure 4D, lanes 3 and 4) , but, after Although Ikk1 has little or no IκB kinase activity, it is capable of binding NEMO proteins ( Figure 4A, lanes 2 depleting NBD, the IKK phosphorylation activity is restored ( Figure 4D, lanes 5 and 6) . The inhibition of IKK and 5). We hypothesized that Ikk1 might be a component of a distinct IKK signalsome involved in negatively activity is possibly due to the competition of Ikk1 with another catalytic subunit (or subunits) by Nemo proregulating the NF-κB pathway by sequestering NEMO from association and activation of another authentic teins. Indeed, in mammalian cells, immunodepletion of zebrafish Ikk1 takes away NEMO but not IKK2, the ma-IKK complex. Hence, if we prevent Ikk1 association with NEMO, its negative activity will be compromised.
jor IκB kinase ( Figure S3 ). In contrast, depletion of mIKK1 results in loss of both IKK2 and NEMO ( Figure S3 ). To test this, we truncated the Ikk1-specific NEMO binding domain (NBD), a C-terminal hexapeptide region On the basis of the data shown here, it appears that ikk1 expression promotes inhibition of NF-κB activation (L/QDWSWT/L) highly conserved among the catalytic IKK subunits [21] . As expected, truncation of NBD from by sequestering Nemo from functional IKK complexes to form alternate signalsomes. To pursue the notion Ikk1 (ikk1⌬NBD) abolishes its interaction with NEMO homologs (Figure 4A, lanes 3 and 6) . Luciferase assays that Nemo sequestration may be the reason for ikk1-overexpressing phenotype, we injected ikk1⌬NBD in ZF4 cells expressing EGFP, ikk1, or ikk1DNBD reiterated that Ikk1 represses stimulus-dependent NF-κB accRNA in zebrafish embryos, and this injection caused few or no defects in the midline structure ( Figure 4E ). tivation, but the depletion of NBD negates its ability to repress NF-κB activity ( Figure 4B) . Furthermore, we isoThen, we coinjected ikk1 and nemo cRNAs into onecell-stage embryos and examined whether increased lated total RNA from transduced IKK1 −/− MEFs expressing EGFP, ikk1, or ikk1DNBD and performed realavailability of Nemo would rescue the mutated phenotype. Interestingly, the coinjections promoted 50%-time PCR for expression of IκBα, a prototype NF-κB in cancer: From innocent bystander to major culprit. Nat. Rev. sights on the understanding of vertebrate development.
60% rescue of the ikk1-overexpressing phenotype (Fig-
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